BACKGROUND
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer worldwide, but its aggressive nature makes it the third highest cause of cancer-related mortality. [1] [2] [3] [4] It affects ∼600 000 people annually, with the highest incidence rates in Sub-Saharan Africa and East Asia. [3] [4] [5] However, in recent years, its incidence has also been increasing in developed regions, including North America and many European countries. 6 There are sex disparities regarding the incidence of HCC, with a much higher rate in men. The role of sex hormones, including the protective role of oestrogen and the upregulation of androgen receptors in tumour tissues, may impact the development of HCC in men and women and differentially affects men. [7] [8] [9] [10] Although male sex has
Summary box
What is already known about this subject?
▸ Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer worldwide. ▸ HCC generally occurs in the setting of liver cirrhosis of any aetiology or with chronic hepatitis B, even in the absence of cirrhosis. ▸ Men have a 2-4 times higher risk for developing HCC than women.
What are the new findings?
▸ Sex is not an independent predictor for survival among patients diagnosed with HCC. ▸ At diagnosis, men had more advanced liver disease, with larger and more tumour nodules. ▸ Women were more likely to be diagnosed with HCC on routine screening. ▸ Despite men having a higher tumour burden at diagnosis, men and women received curative HCC treatments at equal rates.
How might it impact on clinical practice in the foreseeable future?
▸ Increased compliance to screening recommendations should be emphasised, especially among at-risk men. ▸ Disparities in treatment of men and women with HCC should be addressed. ▸ Survival can be improved in both sexes if disparity in HCC screening and surveillance and treatment utilisation can be addressed for both groups.
long been known to be a major risk factor for HCC and the natural history of HCC has been compared among patients with different aetiologies and ethnicities, the impact of sex on the presentation and natural history of HCC has not been studied extensively. 8 9 11 As previously mentioned, it is known that HCC disproportionately affects men compared to women. 12 Men are diagnosed with HCC with an average region-dependent ratio of 2:1 to 4:1 when compared to women. 3 In certain regions of the world, this ratio is as high as 8.7:1.
12 This is consistent with the finding that HCC is the second leading cause of worldwide cancer-related deaths among men and the sixth leading cause of cancer-related deaths among women. 13 Notably, while HCC affects men more than women, the rate of HCC among women has been increasing, and it is important to understand its natural history in both sexes. 12 Not only is HCC more prevalent among men, but its characteristics also vary by sex. Indeed, women are diagnosed with HCC at a significantly older age than men. 11 14 Women are also more likely to be diagnosed by screening methods rather than symptomatically and while they are at an earlier stage of disease with fewer and smaller tumours. 11 Finally, it has been proposed that female sex is prognostic for better overall survival, especially among younger cohorts, but results from limited studies are inconsistent. 7 11 15 The purpose of our study is to examine disease aetiology, clinical presentation, treatment utilisation, and long-term overall survival in men and women already diagnosed with HCC.
METHODS

Study design and patient population
This retrospective cohort study consists of 1886 consecutive adult HCC patients who were seen at Stanford University Medical Center from January 1998 to July 2015. An electronic query using International Classification of Diseases-9 (ICD-9) code was used to identify patients with HCC. Manual chart review was used to verify the diagnosis and to obtain demographic and clinical data of all patients. A National Death Index search and an individual chart review were used to obtain data for long-term survival, including the death date and the date of last contact. This study was approved by the Institutional Review Board at Stanford University, Stanford, California, USA.
To confirm HCC diagnosis, cytological or pathologic diagnosis from a tumour biopsy was used. If no tumour biopsy was obtained, non-invasive criteria recommended by the American Association for the Study of Liver Diseases using characteristic imaging on CT or MRI were used. Radiology and pathology reports were also reviewed to determine tumour characteristics, including size, number, and lobar involvement (tumours present in left, right, or both lobes). Demographic information from patients' charts, including age at HCC diagnosis, aetiology, baseline laboratory values, social history, co-morbidities, diagnosis scenario, and treatments received, were abstracted using a case report form. Events marking liver decompensation such as gastrointestinal bleed, ascites, and encephalopathy were also recorded.
Alcohol and tobacco uses were defined as any use of these substances prior to HCC diagnosis. Alcoholic aetiology was defined as prolonged alcohol abuse leading to the development of alcoholic cirrhosis. Hepatitis B status was determined by the presence of HBsAg, HBV DNA, or documented history of HBV infection. Hepatitis C status was determined by the presence of hepatitis C antibody (anti-HCV), HCV RNA, or documented history of HCV infection.
Diagnosis scenario was categorised as either via screening, symptomatic, or incidental. Screening refers to patients diagnosed on a routine imaging study, including those diagnosed by primary surveillance. Primary surveillance refers to screening in at-risk patients who have not yet developed cancer. 'Symptomatic' refers to patients who presented with symptoms such as hepatic decompensation, abdominal pain, fatigue, weight loss, jaundice, or other liver-related problems that ultimately lead to their diagnosis. 'Incidental' refers to asymptomatic patients who were found to have HCC while being examined for another, unrelated condition. Diagnosis via screening refers to diagnosis made by routine screening or surveillance tests as noted in clinical records.
Patients who received treatment were divided into two categories based on the primary treatment received: surgical or non-surgical. Primary treatment referred to the highest level of HCC treatment received by the patient, with the highest being liver transplant (OLT), followed by surgical resection, liver-directed therapy (transarterial chemoembolisation (TACE) and radiofrequency ablation (RFA)), and systemic therapy. The surgical group consisted of patients who received a resection or transplant as their primary HCC treatment. The non-surgical group consisted of patients who received liver-directed therapies or systemic therapy as their primary HCC treatment.
The Barcelona Clinic Liver Cancer (BCLC) staging system was used to determine the tumour stage, and eligibility for liver transplantation was assessed by the Milan criteria. 16 17 The Child-Pugh-Turcotte (CPT) and Model for End-Stage Liver Disease (MELD) scores were used to determine the degree of decompensation and cirrhosis. 18 19 
Statistical analysis
The data analysis and statistical software, Stata/SE 11.1 (College Station, Texas, USA), was used to perform all analysis. Statistical significance was defined as a twotailed p value of <0.05. The Student's t-test was used to analyse continuous variables. These variables were reported as a mean±SD if normally distributed or as a median and range if skewed. The χ 2 test was used to analyse categorical variables. These variables were reported as a proportion (%) of the overall cohort.
The Kaplan-Meier method was used to approximate the overall survival, and the significance of survival differences between the sexes was determined using the log-rank test. Differences in survival among men and women within different diagnosis scenarios and aetiologies, including hepatitis B, hepatitis C, and non-viral diseases were also evaluated using the Kaplan-Meier method and log-rank test. A stepwise multivariate Cox proportional regression was used to estimate HRs with a 95% CI, which related patient survival to baseline predictors that were found to have a significant effect on survival during univariate analysis.
RESULTS
Demographic and clinical laboratory characteristics
The demographic and clinical values of the patients are listed in table 1.
The cohort consisted of 1449 male HCC patients and 437 female HCC patients. Overall, 792 patients were Asian, 726 were white, 292 were Hispanic, 31 were black, 29 were other, and 16 were unknown. The male cohort had a significantly younger age of HCC diagnosis than the female cohort (59.9±10.7 vs 64.0±11.6 years, p<0.0001). There were no significant differences in men and women with regard to body mass index (BMI) at presentation (26.6±5.6 vs 26.1±6.3, p=0.30) or the presence of co-morbidities such as diabetes mellitus (31.3% vs 30.6%, p=0.78), hypertension (48.5% vs 51.8%, p=0.26), coronary artery disease (7.0% vs 6.2%, p=0.58), chronic obstructive pulmonary disease (3.2% vs 4.2%, p=0.37), or hyperlipidaemia (12.8% vs 11.9%, p=0.66).
In terms of HCC aetiologies, the proportions of men and women with chronic hepatitis B (24.6% vs 20.6%, p=0.09) and chronic hepatitis C (47.6% vs 51.3%, p=0.18) were similar. However, when the sexes were subdivided into Asian and Non-Asian groups, Asian women were found to have significantly higher levels of chronic hepatitis C (44.5% vs 31.1%, p=0.001), whereas Asian men were found to have significantly higher levels of chronic hepatitis B (24.6% vs 20.6%, p=0.004). The male cohort displayed significantly higher rates of 
Diagnosis scenario
The diagnosis scenario for men and women is depicted in figure 1 . Women were more likely than men to be diagnosed by routine screening versus symptomatically or incidentally (65.5% vs 58.2%, p=0.03). Furthermore, there was a trend indicating that women were more likely to be diagnosed while still asymptomatic than men (75.7% vs 70.4%, p=0.09).
Tumour characteristics
The tumour characteristics from the radiographic imaging studies obtained at the time of HCC diagnosis are provided in table 3.
Men were more likely to present with tumours larger than 5 cm (39.8% vs 30.2%, p=0.001) and had larger maximum tumour sizes (3.8 cm (0.38-21.1) vs 3.2 cm (0.6-20.1), p=0.001). They also were more likely than women to present with three or more tumours (27.6% vs 22.5%, p=0.04). In addition, women presented with higher proportions of early-stage BCLC class A disease (56.2% vs 41.8%, p<0.001) and were more likely to be within the Milan liver transplant criteria (51.6% vs 41.4%, p=<0.001). There was no significant difference in tumour lobar involvement.
HCC treatment outcomes
The primary treatments received by the cohorts are shown in figure 2 . The proportion of men and women who did not receive any treatment for their HCC was similar (24.2% vs 24.3%, p=0.99). For those who did receive treatment, there was no significant difference in the type of primary treatment received by the two cohorts. As their primary HCC treatment, women and Long-term overall survival and predictors of survival Figure 3 depicts the overall survival of the cohorts. There was no significant difference in median survival between the male and female cohorts from the time of HCC diagnosis (median 30. figure 4A ,B. However, patients diagnosed by screening had higher median survival than those diagnosed symptomatically or incidentally in both sexes (median 45.0 (range 37.4-56.6) vs 15.0 (range11. 8-19. 3) months, p<0.0001).
Univariate and multivariate analyses were used to identify predictors for a better long-term survival. These results are provided in table 4 .
On univariate analysis, younger age, Asian ethnicity, absence of cirrhosis, liver transplantation, surgical therapy (vs non-surgical), lower MELD score, lower CPT score, lower BCLC staging, and meeting Milan criteria were significant predictors for improved survival for patients. After using multivariate analysis to adjust for age at HCC diagnosis, male sex, treatment (surgical, non-surgical vs none), diagnosis scenario (screening vs Primary treatment refers to the highest level of HCC treatment received by the patient, with the highest being liver transplant, followed by surgical resection, liver-directed therapy (TACE and RFA), and systemic therapy. HCC, hepatocellular carcinoma; OLT, orthotopic liver transplantation; TACE, transartial chemoembolisation; RFA, radiofrequency ablation.
symptomatic or incidental diagnosis), cirrhosis, tumour within Milan criteria, and MELD score, significant independent predictors for better survival included younger age at HCC diagnosis, surgical treatment, non-surgical treatment, diagnosis by screening, tumour within Milan criteria, and lower MELD score.
DISCUSSION
It is well known that men are diagnosed with HCC at a much higher rate than women, which suggests higher HCC risk in men. 3 12 Although past studies have explored the impact of sex on the development of HCC in at-risk patients, there is a lack of studies analysing sex differences among patients who have already been diagnosed with HCC. [6] [7] [8] Furthermore, among studies that have addressed this question, the results are inconclusive. 11 20-23 The current study helps address this area of controversy by analysing sex differences in the presentation, progression, and long-term outcomes of a large, wellcharacterised consecutive cohort of HCC patients seen at a university medical centre. There was no significant difference in overall survival between men and women, and sex was not found to be an independent predictor of survival on either univariate or multivariate analysis. However, important differences in the presentation of male and female patients were found.
On diagnosis, men had more advanced liver disease with larger and more numerous tumours. This may result from men being less frequently diagnosed by routine screening. This allowed their HCC to progress further before being detected either symptomatically or incidentally. Diagnosis of HCC at an early stage has been shown to improve survival outcomes, likely because more curative treatment options would be available at early stage. 7 24 25 This is supported by result of the current study, which found that survival was markedly longer in patients diagnosed via screening compared to survival in those diagnosed symptomatically or incidentally, irrespective of sex.
Compliance to screening recommendations is a modifiable factor and should be emphasised in all at-risk patients, especially men. While the older age at HCC diagnosis and higher rates of diagnosis by screening in female patients may suggest that women have more access to care than men, we believe that failure to adhere to screening recommendations can also be due to poor communication between physicians and patients, patient non-compliance, or physician nonadherence to HCC screening and surveillance recommendations. Underlying factors accounting for reduced screening adherence in men should be further studied.
Women in the current study were significantly older than their male counterparts at the time of diagnosis. This suggests that female sex may play a protective role, preventing HCC from developing in women until later in life. Women may have also been diagnosed at a younger age and with earlier disease stage than men because they may have been more compliant with HCC screening/surveillance. However, while age was found to be an independent predictor for survival in the current study as in several past studies, sex was not.
In addition, one would expect women, who on average present with earlier disease stage, to undergo more liver transplantation and curative resection. However, this is not the case in our study. Despite men having a higher tumour burden, men and women received curative HCC treatments at the same rate. This suggests a disparity between how men and women are being treated. Women may be being offered different treatment options based on either their older age at diagnosis or their female sex. The older age of women may result in curative treatment options being less desirable or practical to the patient and the physician. On the other hand, one cannot exclude the possibility that women are being treated less aggressively based solely on the basis of their sex. 26 Another interesting observation was the finding that there were more Asian men with HBV-related HCC and more Asian women with HCV-related HCC. This is consistent with prior studies that have shown that the majority of Asian HBV-related HCC patients are male, while the percentage of women in HCV-related HCC cohorts is generally higher than the percentage of women in western cohorts. 27 This is likely due to the iatrogenic mode of transmission of HCV in developing countries, and women may be more likely to be exposed to blood and blood products due to childbirth. 28 One of the limitations of this study is its retrospective nature. However, our study focused on objective variables such as age, sex, treatments received, tumour characteristics, and long-term survival outcomes which are clearly documented in patients' histories and obtained through manual, individual chart review and verified by the National Death Index database. In addition, since the majority of the study patients had either HBV or HCV infection (72%), results of this study may not be generalisable for HCC patients of non-viral aetiologies, especially alcoholic liver disease which was uncommon at only 6% in the study population of this study.
CONCLUSION
Male sex has long been known to be a major risk factor for HCC among at-risk patients. However, among those already diagnosed with HCC, there were no significant differences in long-term survival outcomes between the sexes. Women were diagnosed at a significantly older age than men. Women were also more likely to be diagnosed via screening without symptoms and to present with lower tumour stage. Older age, advanced tumour stage, no screening history, and received surgical or palliative therapy were significant independent predictors of survival, but sex was not. There are two modifiable disparities between the sexes that may lead to better survival if targeted. The first is the lower rate of diagnosis via screening in men. The second is the lower rates of surgical treatment in women for similar tumour stage as men. Further studies are needed to examine factors contributing to such disparities.
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